This study examined the consistency of salivary cortisol and alpha-amylase (sAA) total daily secretion between laboratory and eld circumstances. The 95 participants were shift working female health care professionals with high (n = 53) or low (n = 42) psychosocial stress (job strain) measured by the Job Content Questionnaire (JCQ). The Trier Social Stress Test including a 5-min free speech and a men-tal arithmetic task was conducted with four, and eld measurements with three daily saliva samples of cortisol and sAA during circadian rhythm and inter-shift recovery controlled morning shift, night shift, and a day o . The associations of salivary cortisol and sAA area under the curve with respect to ground (AUCg) and area under the curve with respect to increase (AUCi) between laboratory and eld were tested using OLS (Ordinary Least Squares) regression. The sAA AUCg output in the laboratory was correlated with the output during all eld measurement days and similarly among high and low job strain groups (p < 0.001). SAA AUCi and salivary cortisol AUCg and AUCi were not correlated between laboratory and eld measurement, neither in the whole sample nor among the low or high job strain group. In conclusion, a laboratory measure of sAA AUCg output is promising in predicting stress-related output during burdensome work shifts and leisure time, whereas sAA AUCi or salivary cortisol seem not to have this potential.
Introduction
Establishing simple, reliable, and consistent biomarkers for measuring stress response is a major challenge in psychophysiological research. Using saliva sampling when collecting stress biomarkers is a non-invasive method, and considered to be reliable and relatively low cost. [1, 2] As laboratory studies are more cost-effective than field studies, and various intervening factors are easier to control in laboratory than in field, it would be useful to identify laboratory biomarkers for stress which can reliably predict biomarker stress response also in real-life context.
To accurately represent stress physiology, the measurements should encompass the main stress-related pathways, i.e., hypothalamic-pituitary-adrenal axis (HPA-axis) and autonomic (sympathetic) nervous system (SNS). [3] As a primary outcome hormone of the HPA-axis, cortisol is the most frequently measured stress biomarker. In healthy individuals, a diurnal cortisol rhythm shows a substantial peak shortly after awakening and decline over the day resulting in low levels in the evening. [4] An acute stressful situation induces profound cortisol secretion in most of the people. [5] The studies of cortisol profiles during stress show conflicting results [6] but a meta-analysis concluded that chronic stress may lower the cortisol awakening response (CAR) and elevate the evening nadir. [7] Field studies show that shift work including night work is associated with elevated cortisol secretion. [8] Salivary alpha-amylase (sAA) is primarily a digestive enzyme which is produced by the salivary glands. Recently, sAA has been studied as a sympathetic stress biomarker. [9] SAA has systematically been reported to have a rapid stress responsiveness and the typical AA response pro le is consistent with knowledge of the rapid activation and recovery that characterizes the response of SNS to stress. [10] In laboratory settings, sAA has been shown to re ect increased norepinephrine levels in blood induced by corticotrophin releasing factor. This supports the view that sAA would be useful in the assessment of work stressrelated cardiovascular and metabolic changes. [11] Collecting salivary AA is non-invasive [12] and the enzyme seems not to exhibit significant gender or age differences. [2, 13, 14] Normal diurnal AA pro le has a dip after awakening and a steady increase during the course of day. [15] Long-term stress is associated with flatter diurnal slopes and decreased daily production of sAA. [2] To date, there is very little research on work-related stress and sAA. [6, [16] [17] [18] The one study conducted among shift work-ers authors are aware of found no association of sAA profiles with work stress. [18] Laboratory stress studies may reflect the way in which individuals react to stress outside laboratory. [19] An individual who is highly reactive in the laboratory would be prone to experiencing repeated episodes of heightened arousal in real life, and that will subsequently have an impact on health risks. [20] The associations between laboratory and real-life responses may, however, be dependent on the measured physiological parameters. Reallife stressors also appear to produce responses that are often larger than those seen in the laboratory, [21] and that can be regarded as laboratory measures lack of ecological validity. [22, 23] This article reports one of the first studies which com-bines laboratory measurements of stress reactivity to field measurements of the same biomarkers. This study aimed to explore the consistency of stress biomarkers salivary cortisol and sAA between laboratory and field measurements with a widely used parameter area under the curve (AUC). The study hypothesis was that acute stress reactivity, according to laboratory-measured cortisol and sAA outputs, is associated with the outputs of these biomarkers in work shifts that are experienced burdensome.
Methods

Study sample
Female health care professionals with night shift work (n = 5,615) were identified from the Finnish Public Sec-tor Study (FPSS) cohort. An invitation letter was sent to employees (n = 422) fulfilling the inclusion criteria such as, age 30-58 years, Body Mass Index <35 kg/m2, at least 3 years' work experience in the same ward, and the work-place located in Southern Finland (full list of the inclusion and exclusion criteria in Karhula et al. [24] ). No statistically significant differences (p-values >.106) were seen in the background variables between the 95 participants and the 422 invited. [24] An invitation letter was sent to the workplace of participants fulfilling the inclusion criteria.
The most common reasons for exclusion (n = 65) were changing ward or workplace (n = 22) or quitting night shift work (n = 21).
Psychosocial stress at work (job strain) was measured by the Job Content Questionnaire (JCQ) [25] including job demands (JD, three items), i.e., pace and pressure of work tasks, and job control (JC, nine items), regarding, e.g., autonomy over working time and methods. The high (HJS) and low job strain (LJS) groups were formed by grouping the wards with at least five respondents on the JD and JC scales, using median split to identify HJS (high demands and low control) and LJS (low demands and high control) wards. Subsequently, employees were divided into to the HJS or LJS groups based on their individual mean JD and JC scores.
To increase contrast between job strain groups, the employees belonging to the quartile with the least strain in the HJS group (n = 86) and the most strain in the LJS group (n = 48) were excluded. The mean values for job demands/job control were 4.56/3.20 in the HJS group and 2.64/4.11 in the LJS group (Mean Difference 1.92/−0.90, p < .001). The reliability coefficients for JCQ for those invited to participate in the study (n = 422) were good (Cronbach's α = 0.87 for JD and α = 0.80 for JC). The forming of job strain groups has been more precisely described in Karhula et al. [24] The participants were more often from medical-surgical wards than other wards (e.g., intensive care, emergency, or maternity units) compared to those invited to participate (45% vs. 33%, p < .037).
The study was approved by the Coordinating Ethical Committee of the Hospital District of Helsinki and Uusimaa. Signed informed consent was obtained from each participant. The participants were compensated for travelling expenses and given €50 (approx. $58) as compensation for participation.
Measures
The study included an internet-based questionnaire (Digium QuestBack Company, Espoo, Finland) featuring questions about background, health habits, work conditions, and working hours. The background variables were BMI (body mass index), number of children, level of edu-cation, physical activity (exercising at least on moderate intensity, times per week, at least 30 min/day, dur-ing the past 3 months), sleep length, cigarette smoking, chronotype (Morningness-eveningness questionnaire, [26] stressful life events during the past 12 months, [27] Beck's Depression Inventory (BDI-II), [28] prescription medication use including oral contraceptives and hormone replacement therapy, and fasting blood glucose.
The participants arrived to the Finnish Institute of Occupational Health (FIOH, Helsinki, Finland) at 9 am, where a 12-hr fasting blood sample was collected before breakfast. A 10min Trier Social Stress Test (TSST) with speech and mental arithmetic [5] was conducted with four saliva samples of cortisol and sAA. The baseline saliva sample was collected at approximately 10:30 am.
The participants were instructed to play a role of a job applicant in an interview for a research nurses' job. The participants had 5-min preparation time before giving a 5-min speech to convince one unknown assessor that she would be the best applicant for the position. In the beginning of the TSST, the T1 saliva sample was collected. Whenever the speech was finished in less than 5 min, the participant was told to continue in a standardized way as described in TSST protocol. [5] After the speech, the participant was asked to serially subtract the number 13 from 2083 as fast and accurately as possible for 5 min. On every failure, the participants had to restart from 2083. At time 10 min, the task was stopped and the T2 saliva sample was collected.
The research nurse debriefed the participant about the goal of the test and that no video analysis would be performed. The T3 saliva sample was collected 15 min after completing the TSST. All the saliva samples were collected using Salivette tubes and cotton rolls, which the participants placed in their mouths for at least 1 min and then replaced into the Salivette tube.
During the 3-week field study, the participants' sleep patterns and sleep-wake rhythm were measured using a sleep diary and actigraphy (Actiwatch AW7, Cambridge Neurotechnology Ltd., Cambs, UK), which was analyzed by Actiwatch Activity and Sleep Analysis 7 software.
Field measures of salivary cortisol and sAA were con-ducted on 3 non-consecutive days (24 hr), including one morning shift (mostly 07:00-15:00), one night shift (mostly 21:00-07:00), one day o . To optimize similarity in participants' circadian rhythm (circadian disruption due to working shifts) and recovery, the pre-selected measurement days were: More nurses volunteered to the LJS group (81%) than to the HJS group (60%, p = .020) and fewer nursing assistants, respectively (p < .01). There was no difference in any of the background variables between the groups with one exception. The LJS group participants were physically active more often than the HJS group participants (p < .02). The descriptive statistics are shown in Table 1 , and have been previously published by Karhula et al. [24, 29] 
Statistical analysis
A logarithmic transformation of the stress biomarker original values was used due to skewed distributions. The area under the curve with respect to ground (AUCg, nmol/l × min) and the area under the curve with respect to increase (AUCi, nmol/l × min) [31] were calculated for logarithmic transformed stress biomarkers assuming linearity between the consecutive measurement points (Figure 1 ). The use of AUC simpli es a multivariate data into univariate space, [32] and reduces the number of statistical comparisons between the group. [23] OLS (Ordinary Least Squares) regression was used to test the consistency of biomarker AUCg results. [33] Education and physical activity were included to the regression model, as there was a statistically significant difference in those ground characteristics between the job strain groups. Physical activity has earlier been shown to have a stress-bu ering capacity [34] and work tasks and demands differ between nurses and nursing assistants. Statistical analyses were conducted using the IBM SPSS Statistics 20 software package (Chicago, IL).
Results
Consistency of stress biomarker levels and AUCg's in laboratory vs. field
The consistency of sAA AUCg's in the di erent shifts and day off between laboratory and field setting was strong (p-values <0.001, and t-values >6.4), both in all participants, and participants in both high and low job strain groups. Contradictory, the AUCi's showed no signi cant consistency between laboratory and field measurements neither in all participants nor in the high and low job strain groups.
The salivary cortisol AUCi's and AUCg's had low consistency between laboratory and field measurements both among all participants and in the high and low job strain groups ( Table   2 ). Additional analysis with age and smoking status as covariates showed same results than presented above both among all participants and in the high and low job strain groups (results not shown).
Discussion
This methodological study compared salivary stress biomarker outputs, cortisol and sAA, between laboratory and eld conditions. The sAA AUCg's correlated systematically and relatively strongly between stress reactivity and burdensome work shifts or a day o , whereas sAA AUCi's and salivary cortisol AUCi's and AUCg's had low consistency between laboratory and field measurements.
To the authors' knowledge, this is the first study combining sAA measurements in laboratory withmeasurements outside laboratory in any kind of field or occupational settings. The lack of previous research results with regard to sAA prevents from comparing the results from this study. Previously, however, sAA has been found to have a good intra-individual stability when measured repeatedly, e.g., on consecutive days, [12, 15, 35] a finding which is consistent with the results from this data.
In this study, the salivary cortisol AUC's had a poor consistency between laboratory and field measurements. This result is similar to a study of teachers' cortisol responses [22] in naturalistic and laboratory stress situations. Despite extensive research during the last decades, the e ects of chronic stress on cortisol are still inconsistent. [6] It seems that work stress elicits normal activation responses that most of the people are capable to cope with or recover from before the strain has measurable e ects on cortisol. [36] Some particular stressors, such as high job demands and working at night seem to be related with alterations in cortisol secretion. [8, 37, 38] The participants of this study were all relatively healthy shift working females who reported similar working hours, family care-giving responsibilities, stressful life-events, illnesses, prescription medication use, and occurrence of sickness absence during the field study.
There was a statistically signi cant difference between the groups in physical activity and education which, when controlled for, had little effect on results.
Saliva samples can be easily collected by participants themselves [1] and, as health care professionals, the participants of this study followed the sample collection protocol particularly carefully. All this is likely to have reduced the bias and confounding of betweengroup results.
There are very few earlier studies that have measured time from sleep end to collecting the first saliva sample with actigraphy rather than self-reports. [39] In this study, the participants took the rst sample in 6-8 min after sleep end in actigraph data. Smyth and colleagues [40] found that self-determined sleep end is reported on aver-age 4 min later than registered by actigraph, indicating that the participants of this study actually took the first sample very close to the sleep. This is an important issue, as even moderate sampling delays reduce the cortisol awakening response. [40] Logarithmic transformation of the original values was used, as the original distributions were mostly skewed. Gardner et al. [10] stated that even after transformation substantial differences in sAA between individuals exist. In parallel, not exactly all distributions were normalized with the logarithmic transformation, the data was analyzed in a similar way instead of using, e.g., nonparametric rank order correlation test. Non-normality does not affect the estimation of the parameters, and the least squared estimates are still the best linear estimates when the other assumptions are met. [31] When reporting AUC's, it is recommendable to report both AUCg's and AUCi's, as di erent associations may formulate when using only other of the formula. [31] AUCi has been seldom used in research, [23] even though AUCi is considered to t better for anal-ysis of stress reactivity. This may be due to AUCi is problematic when the repeated measures show a decline over time, [31] which is the case for normal daily cortisol profile. [4] In this study, the cortisol results with both AUCg and AUCi showed consistently nonsignificant results, whereas there was inconsistency in the AA AUCg and AUCi results. The possible explanation for this might be that comparing AUCg results between laboratory and field reflects the higher levels of alpha-amylase in general, across di erent stressful situations. This question warrants further research.
The sample of nursing employees may not represent neither other shift working occupations nor work-aged populations in general, restricting generalizability of the results.
The stress biomarkers were measured in 1 day per shift type, similarly to earlier studies, [6, 18, 19] although it would be recommendable to collect several days' saliva samples for each measurement category. [41] The laboratory and work shift stressors also differed with regard to time duration, likewise to earlier studies combining laboratory and field conditions, [19, 22] which may have contributed to the biomarker output pro les. In the regression analysis, the factors that had a baseline difference among job strain groups (education and physical activity) were included in the regression model. There are other factors influencing to individual differences in salivary biomarkers, e.g., age and cigarette smoking, which were tested in separate analysis with no e ect to the results. However, possibility for confounding by non-measured factors remains.
Only 24% of the invited employees participated in the study. As there was no personal contact with the invited employees, it could not be verified whether they actually were reached or not. However, the participants were representative of those invited, and the field data collected was of very good quality, as 99% of the measurements were collected and analyzed successfully. After the labora-tory stress test, only 4% of the 99 participants of the TSST failed or refused to carry out the field measurements.
Due to practical reasons, only one "staff manager" assessed the TSST, whereas the standard protocol uses three managers. [5] The cortisol responses to the TSST might have been more explicit, if the test had included more than one evaluator. The lack of information concerning the participants' menstrual cycle and menopausal status is also a limitation, since salivary cortisol response patterns may be more evident in the luteal phase, [42] and after the menopause acute sympathoadrenal responsive-ness increases. [43] In conclusion, a laboratory measure of sAA AUCg may predict stress-related output during burdensome work shifts and leisure time, whereas laboratory sAA AUCi or salivary cortisol output seems not to have this potential. These findings suggest that alpha-amylase output is a laboratory biomarker with a potential of predicting stress response in real-life context.
